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I.  SUMMARY  OP  RESEARCH  ACCOMPLISHMENTS  (1984-1986) 

UNDER  DARFA/ARO  SUPPORT 

(J.F.  Schetzina  and  J.V.  Cook,  Jr.,  Co-Principal  Investigators)' 

A.  MBS  GROWTH  OF  HG- BASED  FILMS,  QUANTUM  WELL  STRUCTURES,  AND  SUPERLATTICES 


Ve  have  designed  and  constructed  at  NCSU  a  mercury-compatible  MBE  system 
which  features  a  cryopumped  UHV  main  chamber,  a  specially  design  Hg  source, 
a  load-lock  for  introducing  and  retrieving  substrates  and  epilayers,  and  a 
preparation/analysis  chamber  which  features  a  high  temperature  (1000  C) 
substrate  bakeout  station,  a  sputter  etch  station,  a  reverse  view  LEED 
facility,  and  a  metallization  station.  The  system  became  operational  in 
February,  1984.  Since  that  time,  the  MBE  system  has  been  successfully 
employed  to  grow  high  mobility  HgCdTe,  high  mobility  HgTe,  HgTe-CdTe 
superlattices,  and  more  recently  Hg-based  diluted  magnetic  semiconductor  films 
(HgMnTe)  and  superlattices  (HgMnTe-HgTe) .  This  work  has  been  extremely 
successful  as  is  evident  by  the  number  of  papers  presented  at  scientific 
meetings,  by  the  invited  talks  given  at  many  universities  and  industrial 
laboratories,  and  by  the  numerous  articles  in  refereed  journals  of  physics  and 
materials  science  that  this  work  has  produced.  MBE  growth  of  Hg-based 


compounds  and  quantum  well  structures  will  continue  to  be  emphasized  at  NCSU 
in  the  months  ahead. 

B.  CONTROLLED  SUBSTITUTIONAL  DOPING  OF  CdTe 

Ve  have  invented  a  new  technique  for  the  doping  of  compound  semiconductor 
films:  photo-assisted  molecular  beam  epitaxy.  This  new  technique  has  been 
employed  to  obtain  immediate  and  significant  improvements  in  the  control  of 
the  electrical  properties  of  n-type  and  p-type  CdTe.  In  the  photoassisted  MBE 
process,  the  substrate  is  illuminated  during  film  growth.  In  our  initial 
work,  the  output  from  an  argon  ion  laser  was  used  to  illuminate  the  substrate 
during  CdTe:In  film  growth.  In  connection  with  the  substitutional  doping 
process,  the  rationale  for  this  approach  is  to  provide,  by  means  of  the 
incident  photon  beam,  the  energy  required  to  surmount  surface  potential 
barriers  which  might  ordinarily  prevent  or  limit  the  incorporation  of  the 
dopant  species  at  tetrahedrally-bonded  sites,  and  thus  increase  the  degree  of 
dopant  activation.  Note  that  each  of  the  photons  in  such  a  laser  beam  carry 
approximately  2.4  eV  of  energy,  which  is  much  larger  than  the  thermal 
interaction  energies  (phonon  energies)  available  at  substrate  temperatures 
normally  employed  in  MBE  film  growth  of  CdTe  and  other  semiconductors.  As  a 
consequence,  the  photon  beam  may  be  expected  to  have  a  pronounced  influence  on 
the  surface  chemisty  during  film  growth  through  modification  of  surface  bonds, 
conversion  of  surface  molecules  into  atoms,  etc. 

Our  initial  experimental  results  are  most  encouraging.  Both  n-type  and 
p-type  CdTe  films  have  been  growth.  SIMS  studies  of  n-type  layers  coupled 
with  Hall  effect  measurements  have  provided  evidence  that  the  photo-assisted 
MBE  technique  gives  rise  to  essentially  1002  activation  of  the  dopant  when 
optimum  growth  conditions  are  employed.  Pronounced  changes  in  the 


luminescence  spectrum  of  CdTe  also  accompany  doping,  which  provide  additional 
direct  evidence  that  highly  activated  layers  have  been  grovn.  Antimony  has 
been  used  as  a  dopant  for  growth  of  p-type  CdTe.  Again,  when  grown  under 
illumination,  doped  epilayers  result,  as  determined  by  hall  and  lumininescence 
experiments. 

Ve  have  also  recently  used  the  photo-assisted  MBE  technique  to  prepare 
the  world's  first  thin  film  p-n  junctions  of  CdTe.  These  junctions  show  good 
rectification  properties.  This  accomplishment  is  of  particular  significance 
since  n-type  and  p-type  CdTe  may  be  used  in  a  double  heterostructure  involving 
HgCdTe  or  HgTe-CdTe  superlattices.  Because  of  the  band  gap  variability  of  the 
Hg-based  compounds  with  Hg  content,  such  structures  might  be  employed  to 
create  new  solid  state  light  sources  and/or  detectors  which  could  operate  at 
selected  wavelengths  throughout  the  infrared  spectral  region. 

C.  GROWTH  OF  CdMnTe-CdTe  MULTILAYER  STRUCTURES  AND  SUPERLATTICES 

Continuing  progress  has  been  made  in  the  growth  and  study  of  CdMnTe-CdTe 
quantum  well  structures.  In  particular,  a  number  of  superlattices  have  been 
prepared  which  exhibit  stimulated  emission  when  optically  pumped. 

In  collaboration  with  D.  Heiman  and  E.  Isaacs  of  the  MIT  National  Magnet 
Laboratory,  magnetically  tunable  stimulated  emission  has  been  observed  in 
dilute  magnetic  semiconductor  superlattices.  The  tuneability  range  of  the 
emission  was  found  to  be  much  larger  (by  a  factor  of  fifty)  than  for  that  of 
non-magnetic  semiconductors.  This  is  due  to  the  magnetic  exchange  interaction 
which  occurs  between  the  Mn  ions  and  the  conduction  band  electrons  and  valence 
band  holes.  This  interaction  gives  rise  to  large  positive  electronic 
g-factors  so  that  the  band  gap  of  of  DMS  materials  changes  appreciably  under 
an  applied  magnetic  field.  This  collaborative  work  is  continuing  at  the 


present  time. 


D.  SUBSTITUTIONAL  DOPING  OF  CdMnTe  FILMS  AND  CdMnTe-CdTe  SUPERLATTICES 

Very  recently,  we  have  successfully  used  the  photo-assisted  MBE  technique 
to  grov  conducting  CdMnTe:In  films.  Electrical  and  optical  characterization 
studies  of  these  new  doped  layers  are  currently  being  completed.  In  addition, 
we  have  grown  the  first  conducting  superlattices  of  CdMnTe-CdTe  by  using  a 
modulation  doping  technique  under  photo-assisted  MBE  conditions.  These 
experiments,  along  with  accompanying  characterization  experiments,  are 
continuing  and  will  be  emphasized  during  the  months  ahead. 
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7.  "Properties  and  Applications  of  CdTe/Sapphire  Epilayers  Grown  by 
Molecular  Beam  Epitaxy",  T.H.  Myers,  N.C.  Giles-Taylor ,  R.W.  Yanka, 

R.N.  Bicknell,  J.W.  Cook,  Jr.,  J.F.  Schetzina,  S.R.  Jost,  H.S.  Cole, 
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8.  "Photoluminescence  of  CdTe:  A  Comparison  of  Bulk  and  Epitaxial 
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Yanka,  E.L.  Buckland,  and  J.F.  Schetzina,  Proc.  Mater.  Res.  Soc.  37, 
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